Cellular microparticles (MPs) were first described by Wolf et al. in 1967 as pro-coagulant Bdust^surrounding activated platelets [1] . Recently, MPs have been studied in a variety of diseases and have been recognized as important mediators of physiological and pathophysiological processes. MPs are formed by an outward blebbing of the plasma membrane of various cells with a diameter of 0.1-1.0 μm. During MP formation, the plasma membrane undergoes a conformational change exposing phosphatidylserine (PS) residues on the surface [2] . After shedding into the extracellular space, MPs can act as messengers carrying cell-surface proteins from the cell of origin and additional cytosolic contents including enzymes, RNA, miRNA, and DNA [3, 4] . The release of MPs occurs under stress conditions or during cell activation [3] . MP formation has been observed in cells of vascular origin (endothelial cells, smooth muscle cells) and blood cells (platelets, leucocytes, and erythrocytes). In healthy individuals, the basal number of circulating MP is low, whereas elevated levels are found in a variety of pathological conditions [4] .
Endothelial MPs were shown to reflect vascular pathology in ischemic stroke as the level of MPs directly correlates with the clinical disease severity and infarct volume [5] . The data on MPs in hemorrhagic stroke is sparse [6] [7] [8] [9] . In patients with intracerebral hemorrhage, elevated MPs were shown to be associated with outcome [8, 9] . After subarachnoid hemorrhage (SAH), endothelial MPs are elevated in correlation with the development of cerebral vasospasm and, even more importantly, platelet-derived MPs seem to be associated with delayed cerebral ischemia (DCI) [6] . Therefore, MPs might be promising biomarker candidates for secondary complications in patients suffering from ischemic as well as hemorrhagic stroke.
In addition to this potential, MPs might in fact be involved in the pathomechanism of DCI. While DCI has been historically associated with cerebral vasospasm, it is now recognized that numerous pathways contribute to its pathogenesis [10] . The complex derangement of proinflammatory mediators and the coagulation cascade might be a vasospasm independent cause of microthrombosis leading to DCI [11] . The role of endothelial/platelet MPs in this cascade has not been investigated in SAH so far; however, cell culture studies give no doubt that stimulation by proinflammatory mediators, like TNF-α, result in an increased release of endothelial MPs expressing tissue factor (TF) on their surface [12] . Furthermore, endothelial MPs are shortening the plasma clotting time in coagulation assays [13] and have a 50-to 100-fold higher pro-coagulant activity than activated platelets [14] . Exposure of PS not only facilitates formation of coagulation complexes (tenase and prothrombinase) but also promotes the ability of TF to initiate the coagulation cascade [15] . Recently, Simard et al. showed that infusion of low-dose heparin significantly reduced demyelination, transsynaptic apoptosis, and neuroinflammation after experimental SAH in rats [16] . The effect of heparin is pleiotropic and in the context of SAH, it could possibly antagonize pro-coagulatory MPs leading to microthrombosis [17] . In vitro data support this idea of a reduced potential of MPs to induce thrombin generation after heparin exposure [18] .
In contrast to their pro-coagulatory effect, endothelial MPs also show fibrinolytic activity by cleaving plasminogen into plasmin at their surface [19] . Increasing the clearance of subarachnoidal blood has been suggested as a treatment option for SAH [20] , and restoration of CSF flow and cortical perfusion in the early phase of experimental SAH in mice could recently be shown by this approach [21] . In this context, endothelial MP might not only have detrimental effects during SAH.
Besides their importance in coagulation, MPs seem to be involved in vascular remodeling too. Endothelial MPs were shown to express the uPA/uPA-receptor on their surface, a system that modulates the angiogenic response of endothelial progenitors in vitro [19] . In addition, MPs are exposing proteases such as metalloproteinase 9 (MMP-9) that affect angiogenesis and are important with respect to the integrity of the blood brain barrier [22] . MMP-9 mediates early brain injury in SAH by causing neuronal apoptosis through disruption of the interaction between neurons and the extracellular matrix [23] and has been shown to be associated with functional outcome following SAH [24, 25] .
The complex mechanisms leading to MP formation are not fully understood. Rho-associated protein kinases (ROCKs) that regulate the actin cytoskeleton are likely to be involved. ROCK inhibitors, such as Y-27632, significantly reduce the number of MPs produced through the ROCK-dependent signaling pathway as well as eliminating the appearance of microvesicles on the cell surface [26] . The Rho/Rho-kinase pathway is considered important in the pathogenesis of sustained smooth muscle cell contraction during cerebral vasospasm after SAH and Fasudil (a ROCK inhibitor) is in clinical use in SAH patients [27, 28] .
Although not yet investigated, reduced MP formation could be another effect of Fasudil conferring a clinical benefit.
In conclusion, a variety of studies suggest that MPs are involved in the pathophysiology of SAH. Although the experimental and/or clinical data in SAH is sparse, MPs could in fact be a link between the proinflammatory condition in the early phase of SAH, recently also termed Bneurohemoinflammationâ nd delayed ischemic deficits observed after several days. Therefore, future studies on the role of MPs during SAH are of importance and could reveal potential new therapeutic targets.
